For the development of a natural antimicrobial additive based on natural compounds (AC) such as lemongrass essential oil and its active compound citral, encapsulating agents (EA) are required to incorporate it inside food matrixes. Therefore, the effects of type and concentration of EA (maltodextrin and modified-starch called Capsul®) on physical and antimicrobial properties of alginate-based and Lemongrass/citral emulsions were evaluated. Emulsions using different AC:EA ratios were prepared, measuring their antimicrobial (Escherichia coli and Listeria innocua) and physical properties. Antimicrobial activities were observed in all emulsions independently of AC:EA ratio and EA or AC types. However, color differences (ΔE2000) depended on AC:EA ratio and AC used. For both AC, samples with maltodextrin showed higher viscosity and physical stability than Capsul® samples, while the latter showed the highest oxidative stability. In conclusion, EA type affected both physical and oxidative stability of alginate-AC-emulsions; however, both EA could be used for the development of natural antimicrobial additives.
Introduction
Food preservation using natural additives is now requested by consumers, where natural antimicrobials such as essential oils are currently being studied. [1, 2] Particularly, essential oils from medicinal plants have been extensively studied due to the benefits in both food preservation and human health. [3] Lemongrass essential oil (LEM) has shown antimicrobial activity against some pathogens, [4] principally attributed to its high concentration of citral, which is a natural mixture of geranial and neral. [4, 5] Citral (3, 7-dimethyl-2, 6-octadienal) is the major component (>70%) present in LEM, [6] which is a monoterpene that occurs naturally in herbs, plants, and citrus fruits. [7] Both, LEM and citral, are regarded as Generally Recognized as Safe (GRAS) additives for human consumption by the Food and Drug Administration (FDA). [8] The direct incorporation to food products is a technological challenge to industry due to their lipophilic characteristics, high volatility, and the possibility of drastic changes in flavor and aroma of foods. [3] Thus, encapsulation technology is a simple strategy to incorporate these compounds in foods, both providing a physical barrier to protect them against oxidation or volatilization and ensuring the oil stability inside the food matrix. [9] For encapsulation, the selection of the encapsulating agent (EA) or surfactant type and its concentration to form the barrier are critical in the formation of emulsions. [10, 11] Each surfactant or EA acts differently at the oil-water interface of emulsions depending on its molecular structure, since this determines the ability to adsorb to the oil-water interface and reduce interfacial tension. [12] The incorporation of biopolymers, such as polysaccharides or proteins, increases the viscosity and can improve the emulsion stability by delaying collision between droplets. [13] Currently, the most widely used biopolymers for encapsulation of active compounds (AC) are natural gums (principally alginates), proteins (gelatin, caseinates), carbohydrates (maltodextrins, modified starches), and mixtures thereof. [14] Particularly, sodium alginate suspensions are widely used for stabilization of conventional and nanoemulsions based on essential oils. [10, 11, 15] Moreover, carbohydrates are preferred for encapsulation because they have high solubility and they generate low viscosities at high solids content. However, a low encapsulation efficiency is observed because of their lack of interfacial properties. [16] Thus, the effect of chemical modifications of carbohydrates, e.g., modified starches, was studied to enhance their hydrophobicity and interactions with oily compounds. [17] Likewise, it is also necessary to consider that the processing method to obtain essential oil-loaded emulsions determines their functionality. The feasible technology for reducing the droplet size of emulsion up to nanometric scale, such as the ultrasound processing, increased the emulsion stability. However, this technology also diminished the antimicrobial potential of lemongrass essential oil-alginate nanoemulsions against E. coli in comparison with the coarse emulsion. [1] This research considered the final design of active additives in powder, where two types of carbohydrates commonly used to obtain powdered additives by spray drying were studied as encapsulating agents of LEM and citral in alginate-based emulsions. Maltodextrin is a starch obtained by partial hydrolysis, which has a neutral taste, is odorless, and is easily digestible by humans. As encapsulating agent has the ability to protect the core material, minimizing exposure to oxygen and creating a protective barrier on the surface of the particles. [18] Maltodextrin has been used for the encapsulation of various compounds, such as ginger essential oil, [18] among others. The second encapsulating agent is a chemically modified starch (octenyl succinil anhydride-OSAstarch) derived from waxy maize, which is commercially known as Capsul®. The chemical modification is the incorporation of a lipophilic component (octenyl succinate), which helps to obtain good retention of volatile compounds and excellent stability and emulsifier capacity, as in orange essential oil. [19] The objective of this research was to study the effect of Maltodextrin and Capsul® as EA of LEM and citral as AC on both the antimicrobial and physical properties of emulsions stabilized with alginate for further development of natural antimicrobial additives for spray drying. This study has possible industrial applications due to the actual consumer's request for natural antimicrobial additives instead synthetic preservatives for food products. The selection of formulation and performance is critical to their effectiveness. Antimicrobial emulsions can be applied directly or to generate powders additives with active properties to increase the shelf life of food matrices. Therefore, both industry and consumers can be benefits by these results.
Materials and methods

Materials
The reagents used for the preparation of active emulsions were sodium alginate (Blumos S.A., Chile) as stabilizing matrix of continuous phase, maltodextrin (Dextrose Equivalent = 19.33) and Capsul® (Quimatic S.A., Chile) as EA, LEM, and citral (Sigma-Aldrich Co., USA) as AC. In addition, hydrochloric acid and sodium hydroxide (used for adjust pH of emulsions) were supplied by Winkler S.A. (Chile) and Arquimed S.A. (Chile), respectively. For antimicrobial measurements, bacteria used were Escherichia coli (ATCC 25922) and Listeria innocua (ATCC 33090), both obtained by Institute of Public Health (ISP, Santiago-Chile). Mueller-Hinton broth (Biokar Diagnostics, France) was used as culture media for microbial growth.
Preparation of emulsions
Active emulsions were prepared adding 1% (w/w) sodium alginate, 1% (w/w) LEM or citral (concentration experimentally determined in previous work), corresponding to twice the minimum inhibitory concentration (0.6% (w/w) for both essential oils). Maltodextrin or Capsul® were added in ratios of active compound to encapsulating agent (AC:EA) of 1:1, 1:2, 1:3, and 1:4. These emulsions were homogenized at 10000 rpm for 2 min using an ultraturrax homogenizer (Thristor Regler, TR50, Germany). pH was adjusted to 5.5 with hydrochloric acid (1 N), where interference from pH on stability of emulsions was not observed (data not shown), being monitored through a pH meter (Jenway, 3505, UK). Three control samples were thus prepared: sodium alginate, sodium alginate with LEM, and sodium alginate with citral.
Physical characterization of emulsions
Droplet size and polydispersity index
To determine average droplet size and its distribution, images of emulsions were captured by light microscope (Carl Zeiss, PrimoStar, Germany) at 100X magnification, using a digital camera (Canon, EOS Rebel T3, Japan). Average droplet sizes of emulsions were estimated from these images using the Motic Images Plus 2.0 software (Motic®, China). The software was previously calibrated. Its values were reported as surface average diameter of droplet, which can be represented by the Sauter diameter d 32 , following Equation (1).
where d i is droplet diameter and n i is the number of droplets of size i, respectively. Afterward, a cluster analysis was done using the XLSTAT software (Addinsoft©, Spain) to determine subgroups with maximum homogeneity. At least 1000 droplets were counted for each sample (by triplicate). Polydispersity index (PI) of droplet size distribution of active emulsions was calculated using Equation (2), reported by Mabille, Leal-Calderon, Bibette, and Schmitt [20] :
where d i is droplet diameter of size i, and d is average droplet diameter.
Physical stability and instability rate Stability of emulsions was determined using an optical stability of dispersions and colloids analyzer (Turbiscan MA2000, Formulaction, France), which is based on the principle of multiple light scattering. For the measurements, emulsions were placed in glass tubes of 120 mm of length and backscattering profiles were analyzed as a function of sample height (total height of the sample in the tube was 65 mm). Emulsions were measured at different storage times (up to 48 h) at 4°C (refrigeration temperature) in a quiescent condition.
To study the instability phenomena of emulsions, the average percentage of backscattering between 7 and 10 mm of tube length was calculated for clarification, between 11 and 50 mm for flocculation/coalescence, and between 51 and 60 mm for creaming in the top of the tube, using MA2000 software (Turbisoft Application, France). Finally, instability kinetics were studied. Rate constants were determined using GraphPad Prism v5 software (GraphPad Prism Inc., USA), which were adjusted to zero-order kinetics model.
Optical properties (color difference and whiteness index)
Optical properties of active emulsions were determined using a calibrated computer vision system (VisionQLab, Chile), described by Matiacevich et al. [21] Samples were prepared on glass plates, using 5 mL of volume to take photographs using a white background. The intensity of RGB digital characteristics was extracted using Adobe Photoshop 7.0 software (Adobe Systems Inc., USA). Finally, they were converted to the CIEL*a*b* color space, where L* indicates lightness, a*, redgreen axis, and b*, yellow-blue axis. Color differences of emulsions in relation with control (sodium alginate) were calculated using CIEΔE2000 equation, described by Luo et al., [22] and the whiteness index (WI) following the equation described by Salvia-Trujillo et al. [23] Flow behavior Flow behavior of emulsions was carried out in a rheometer (RheolabQC, Anton Paar GmbH, Austria) with concentric cylinder geometry (bob radius:13.33 mm; gap length:40.008 mm; cup radius:14.46 mm; cone angle:120°) (CC27, Anton Paar GmbH, Austria). Analysis was performed under constant temperature (25 ± 1°C), assisted by a Peltier heating system (Anton Paar, GmbH, Austria) for accurate control. Three batches of each emulsion were prepared. Each batch was measured in duplicate, using a fresh sample for each measurement. The flow curves were obtained by recording shear stress values, where the shear rate was increased linearly from 0 to 100 s −1 . Experimental data from ascending flow curves of active emulsions were fitted to the Power law model using GraphPad Prism v5 software (GraphPad Prism Inc., USA).
Antimicrobial properties of emulsions
In order to evaluate the active character of studied emulsions, the growth behaviors of E. coli and L. innocua in the emulsions were studied. For this purpose, bacteria were grown in Mueller-Hinton broth at 37°C for 24 h, in an incubator with constant stirring (NB-205, N-Biotek, Korea). Bacteria concentration (colony forming units (CFU/mL)) was obtained by optical density at 625 nm through a spectrophotometer (UVmini-1240, Shimadzu, Japan), reaching a value of 10 8 CFU/mL according to the turbidity of McFarland scale. [24] Then, bacterial suspensions were serially diluted until a final concentration of 10 3 CFU/mL was obtained.
The tests were performed for broth dilution. This was determined in a 96-well plate format. Bacteria (200 µL) were inoculated in concentrated broth 10X (200 µL) and the presence of different emulsions (600 µL), reaching a final bacterial suspension of 10 2 CFU/mL. Bacterial growth was evaluated at 37°C for 24 h in an automated microplate reader (Multiskan Go, Thermo Scientific, USA).
Oxidative stability of emulsions
The oxidative stability of emulsions was carried out in an oxidation stability tester (Rapidoxy, Anton Paar, Germany), which accelerates the oxidation process by an increase in oxygen pressure and temperature. This method helps to determine the oxidative stability without preliminary sample preparation. Five millliters of sample were placed in a 5 cm diameter plastic dish for measurements. Oxidation conditions were temperature of 120°C and oxygen pressure of 700 kPa. Induction time is recorded when a drop of 10% of oxygen pressure is detected.
Statistical analysis
All experiments were performed in triplicate. Results were reported as mean values and their corresponding standard deviations. Statistical analysis of results was evaluated by ANOVA (analysis of variance) and multiple comparison by Tukey test, with a significance level of 0.05 in order to assess the significance of differences among means, using Statgraphics Centurion XVI software (StatPoint Technologies Inc., USA).
Results and discussion
Droplet size and polydispersity index
The droplet sizes and polydispersity index on emulsions are critical physical parameter due to they are related to physical stability and appearance of the final emulsion. [25] A polymodal behavior was obtained in all studied emulsions, where at least two droplet sizes population were recorded (data not shown). Table 1 shows the corresponding average droplet sizes of the largest percentage populations, indicated in parenthesis. The droplet sizes of all active emulsions studied were in the range of conventional emulsions (0.75-1.15 µm). No significant differences (p > .05) were observed between them, regardless the type and concentration of EA and AC used. As expected, this result is in accordance to data reported by Klinkesorn et al. [26] for tuna oil-maltodextrin emulsions, since maltodextrin concentration used in this study (4% (w/w)) is lower than the 20% (w/w) reported to obtain droplet size differences attributed to maltodextrin concentration. In the same way, no droplet size differences in samples containing Capsul® were observed, attributed to the adequate concentration used (maximum 4% (w/w)) to being absorbed at the interface and thus, successfully prevented forming larger drops or micelles by flocculation or coalescence. [27] Although the droplet size of nanoemulsions normally decreases as the surfactant concentration increases, [28] in conventional emulsions, this parameter depends on a critical concentration of surfactant of encapsulating agent used. [29] The polydispersity index (PI), which is indicative of the polymodal distribution, was also analyzed. The index allows to characterize the droplet size dispersion in the samples. PI values vary from 0 to 1, where lower values indicate more homogeneous droplets and better dispersion in the emulsion, contributing to reduce agglomeration tendency. [30] As it can be seen in Table 1 , no significant differences (p > .05) in PI values among samples were observed, but samples containing Capsul® presented a PI less than 0.5. These emulsions are expected to be more stable over time storage.
Physical stability and instability rate
Physical stability over time is an important parameter to determine the emulsion's shelf life, maintaining its initial physical properties. A change on the backscattering over time is related to loss of stability of an emulsion. Figure 1 shows a representing example of the stability behavior of Table 1 . Mean values and standard deviation of average droplet size and polydispersity index for active emulsions with different encapsulating agents and active compound:encapsulating agent ratios (AC:EA). Abbreviations: CIT: Citral; LEM: Lemongrass essential oil; CAP: Capsul®; MD: Maltodextrin. Figure 1a ,b show a typical creaming mechanism behavior: the droplets rise to the surface increasing the backscattering at the top of the test tube, while at the bottom of the emulsion no particles are observed, and clarification occurs. Flocculation/coalescence is also originated in the middle of the emulsion, where the droplets agglomerate (flocculation) or form larger droplets (coalescence). [29] As observed in Figure 1 , the principal mechanism of destabilization was creaming for emulsions containing Capsul® (Figure 1a,b) , and coalescence/flocculation mechanism was observed in all samples. Emulsions containing Capsul® were therefore less stable than the emulsions containing maltodextrin (Figure 1c,d) , where instability of the former started from 19 h of storage, while the latter remained stable for 48 h, regardless of EA and AC concentration used. Likewise, control samples without any EA were also observed to remain stable throughout the storage time (48 h). The instability observed in emulsions containing Capsul® was not expected; firstly, the addition of EA must increase both the viscosity of samples and, the stability. [31] Secondly, Capsul®-emulsions presented the lowest polidispersity index ( Table 1) , so that their modified structure with hydrophobic and hydrophilic groups must be strongly adsorbed at the oil-water interface, forming a stable system sustained by steric hindrance and electrostatic repulsive forces. [32] However, it is important to note that the optimal degree of substitution (DS) of the commercial modified carbohydrate OSA starches (such as Capsul®) must be approximately 0.07 for stabilizing emulsions. [33] Instead, the Capsul® used in this study has a DS equal to 0.02 [34] , which is the maximum DS allowed to use in foods, regulated by the FDA. Consequently, at low DS as used in this study, the location of substitution in the middle sections of the starch chains are not available for interactions with oils. [33] Therefore, emulsions physical instability was also reported. [34] In contrast, samples with maltodextrin remained stable, since the critical concentration (20% (w/w)) of maltodextrin with DE20 was not exceeded. [26] Finally, control emulsions also remained stable, this may be due to the presence of alginate, because they help to restrict the movement of the oil droplets, retarding the different mechanisms of destabilization. [35] In order to compare the stability between systems with different encapsulating agents, instability rate constants of emulsions were analyzed for each instability mechanisms. In this regard, Figure 2 shows the different instability kinetics for the system with Capsul® and the system with maltodextrin. Here, clarification (Figure 2a ) and flocculation/coalescence (Figure 2b ) mechanisms were characterized by negative rate constants, observed by a decrease of backscattering (%BS) over time in the bottom (first 10 mm) and in the middle (between 11 and 50 mm) of the test tube, respectively, regardless of the EA or AC used. In contrast, creaming ( Figure 2c ) mechanism was observed by an increasing of %BS over time in the top (between 51 and 60 mm) of test tube, showing a positive rate constant. On the one hand, the system with Capsul® as EA showed higher rate constants than those observed in the system with maltodextrin for all mechanisms, which was attributed to the destabilization effect caused by Capsul® with low DS. On the other hand, the system with maltodextrin showed rate constants similar (p < .05) to those observed in the control citral (data not shown). These results were correlated to the behaviors observed in Figure 1 , where the stabilizing capacity of these emulsions was attributed to alginate. Ong et al. [35] found that at a relatively low concentration of alginate (1% (w/v)) and storage temperature of 25°C, the oil droplets could be more mobile and promote the agglomeration of the droplets, forming coalescence and possible phase separation, but in the control emulsions of this study, these phenomena were not observed when the emulsions were stored at 4°C, despite containing a similar alginate proportion. Their phenomena were attributed to thermal energy differences between both systems, where a lower thermal energy provides longer stability. Additionally, at lower temperatures, the emulsion viscosity increases, decreasing the molecular mobility and droplets collision rate, [29] extending then the emulsion stability regarding the stability at higher temperatures.
Optical properties: color difference and whiteness index
For many practical applications, the optical properties of emulsions are particularly important. Color differences measured as ΔE2000 were analyzed between control emulsions and emulsions containing different EA for each essential oil. Figure 3 shows that color differences in emulsions were observed depending on both AC and EA used. The emulsions with LEM showed higher color variation (ΔE2000) compared to emulsions with citral using a same EA. Similarly, the color variation increased as the concentration of EA did, regardless of the encapsulated essential oil used. The amount of EA affected then color perception by the human eye. [36] The WI of active emulsions, no significant differences (p > .05) among emulsions and controls were found, regardless of the essential oil or EA used, with an approximate value of 67% (data not shown). This relatively high level of whiteness was found because of the droplet size obtained for the emulsions, since larger particles scatter light more intensely than smaller particles, causing an increase in the WI and opacity of emulsions. [13] In turn, transparent systems must be considered when the whiteness index is lower than 30%, due to the light scattering reduction caused by the small drop sizes. [29] Other studies reported that the WI may also depend on the refractive indexes of continuous (n1) and dispersed phase (n2). Thus, when the ratio of the refractive index of the emulsion (n2/n1) tends to one as in this study (n2 = 1.481 ± 0.002; n1 = 1.33, [37] the light scattering caused by droplets of dispersed lipid emulsion promotes increased opacity. [38] Flow behavior
The rheological flow properties were adjusted to the power law model. This model was chosen for the analysis of emulsions because it has been widely used to describe rheological behaviors of food emulsions as a function of the shear stress applied to the system. [39] Furthermore, the correlation index (r 2 ) showed its appropriateness when, in all studied emulsions, r 2~1 was obtained ( Table 2) . Thus, the power law constants n (flow index) and K (consistency index) aid in understanding the rheological behavior of the emulsions analyzed. The constant n determines the behavior of a fluid, where three ranges of values were found for n < 1, corresponding to a pseudoplastic or reducing shear fluid, n = 1, to a Newtonian fluid, and n > 1, to a thickener shear fluid. [27] Table 2 summarizes the finding that all emulsions analyzed showed flow indexes (n) close to 1, where no significant differences (p > .05) among samples were found, regardless of which encapsulated oil, EA or concentration was used. This indicates that all emulsions showed a Newtonian behavior. The same behavior was observed for the K, with an overall value of~0,11Pa s n , which reflects the apparent viscosity of a material to a shear rate of 1s −1 . [31] It is important to note that no significant differences (p > .05) were obtained in n and K parameters between emulsions and controls, indicating that flow behaviors of these emulsions are principally attributed to the presence of alginate more than encapsulating agents or essential oils. [35] The apparent viscosity of the samples with maltodextrin, either concentration or encapsulated essential oil, was nonetheless higher (>100mPa s) than the viscosity of the samples with Capsul® (<90mPa s). Considering that the rheological conditions to obtain a dried powder ingredient by spray drying is a maximum of 300 mPas (according to Büchi Labortechnik AG, Switzerland), the Table 2 . Mean values and standard deviation of flow parameters of active emulsions with different encapsulating agents and active compound:encapsulating agent ratios (AC:EA). Abbreviations: CIT: Citral; LEM: Lemongrass essential oil; CAP: Capsul®; MD: Maltodextrin. rheological parameters obtained in all emulsions (Newtonian behavior and low viscosity) indicate that all emulsions could be used to obtain dried powder using spray drying. In turn, it is important to consider that the lowest stability of emulsions containing Capsul®, where spray drying might require, It must be performed 19 h before the preparation of emulsions, where clear instability process can be observed ( Figure 2 ).
Antimicrobial activity
Citral is the active compound present in LEM in a proportion greater than 70%, which is the principal responsible for their antimicrobial activity. Essential oils have the ability to alter and penetrate the lipid structure of the bacterial cell wall. This process causes protein denaturation and subsequent destruction of the cell membrane. Afterward, these oils carry a cytoplasmic filtration and cell lysis, ultimately provoking death. [5] This mechanism of action could be the antimicrobial mechanism of the compounds under study. The antimicrobial activity of each emulsion was analyzed by growth bacterial kinetics against E. coli and L. innocua. All emulsions completely inhibited both bacterial growth, where no significant differences (p > .05) among samples were observed, regardless of the type of oil (LEM or citral) or EA as well as the AC:EA ratio used (data not shown). This result can be explained because emulsions may promote interactions between essential oil and microbial cell membranes. [40] In addition, EA have an important role in the release of antimicrobial compounds (citral/LEM), which will affect the inhibition against microorganisms. Thus, it is important to choose a suitable EA.
The results showed that regardless of the encapsulating agents (Capsul® and maltodextrin) and the different concentrations analyzed, it was possible to interchangeably inhibit the growth of the studied microorganisms (E. coli and L. innocua). It is important to consider that these results were developed to the concentration of LEM and citral present in the emulsion, which was previously selected as the minimal inhibitory concentration (MIC) (0.6% (w/w)) for both bacteria, which is in accordance with literature reports. [2, 41] Although efficient antimicrobial emulsions were performed in this study, it is important to note that this activity could be lost when powder additives are obtained from these antimicrobial emulsions. More significantly, the antimicrobial efficacy of EO may also be influenced by encapsulating agent used, pH, fat content or water activity of the food matrix. Hence, plant-derived antimicrobials may bind to lipids, proteins, or carbohydrates in foodstuffs, requiring higher concentrations than those used in in vitro studies to achieve the same effect. [42] Oxidative stability Oxidative emulsion stability is an important point for essential oil shelf-life. Defined as the resistance to oxidation under established conditions, the best oxidative stability for an oil sample is related to longer induction time. In the Rapidoxy test, the induction period is calculated when there is a decrease in pressure of 10%, which it is not more than the consumption of oxygen by the sample to perform autoxidation. Figure 4 shows the induction time for samples containing lemongrass essential oil, where similar results were observed in samples containing citral (p > .05). Induction time, of all emulsions containing AC (>20 h), was higher than each pure essential oil (~30 min). Similarly, significant differences were observed (p < .05) between control sample (alginate with each essential oil) (~20 h) and each emulsion with EA. As expected, both Capsul® and maltodextrin could protect the AC, improving its encapsulation with alginate and preventing its oxidation. The longest induction times (greater than 30 h) were observed in the samples containing Capsul® at 1:2; 1:3, and 1:4 of AC:EA. This result was attributed to the ability of this EA to interacts with EO due to its amphipathic nature. Here, the hydrophobic tail of Capsul® can be absorbed into oil phase, reducing surface tension of the oil-water interface, [32] thus contributing to isolate the EO from oxygen. Likewise, the samples containing maltodextrin at 1:1; 1:2, and 1:3 of AC:EA showed longer induction times than the control sample, which was explained by an encapsulation improvement caused by this carbohydrate. However, although this EA cannot interact directly with the EO, maltodextrin can interact with alginate chains via hydrogen bonds between hydroxyl groups as sucrose and trehalose. [43] This interaction possibly promotes an increase of wall density by filling voids between alginate chains, reducing oxygen permeation across the microcapsule. [14] It is important to consider that the molecular weight profile of the carrier matrix is one of the key determinants for the oxidative stability of the encapsulated oils, since it affects the diffusion of small molecules such as oxygen into the particle wall. [14] Conclusion All studied emulsions presented inhibition of bacteria growth, regardless of the type and concentration of the components used (p > .05), indicating that antimicrobial emulsions were development in this study. This result was principally attributed to the high concentration (double of minimum inhibitory concentration) of antimicrobial compounds used (lemongrass essential oil and citral oil). However, some physical properties were affected, such as physical stability, color difference, and oxidative stability, regardless of the AC used. Here, samples with Capsul® showed better oxidative stability, but lower physical stability than samples with maltodextrin. Although some emulsion physical properties (droplet size, polydispersity and flow parameters) did not change by the type and concentration of encapsulating agents, a selection of the encapsulation agent is critical considering that physical properties are so important for a successful additive development. It is important to note that no significant differences (p > .05) on physical and antimicrobial properties were observed between LEM and citral oil. This indicates that the principal active compound of the lemongrass essential oil is responsible for antimicrobial activity. Therefore, both oils can be used interchangeably to obtain the same effect, but the cost of citral oil is higher than LEM, which must be considered in order to obtain a food additive. Finally, the studied emulsions could be used for the development of natural antimicrobial additives. This study has possible industrial applications due to the actual consumer's request for natural antimicrobial additives instead of synthetic preservatives for food products. The selection of formulation and performance is critical to their effectiveness. Antimicrobial emulsions can be used to be applied directly or to generate powders additives with active properties to increase the shelf life of food matrices. Therefore, both industry and consumers can be beneficiaries from these results. 
